the wingless male morph [5]) that was previously sterilized by X-ray irradiation (minimum 60 Gy; 2.95 Ϯ stanResults and Discussion dard deviation, 0.12 Gy/min) (SQ, n ϭ 18). These latter queens had experienced copulation and stored sperm Sexual conflict arises because the reproductive interin their spermathecae. This sperm, however, was not ests of males and females in many species differ greatly; viable (i.e., it was motionless and in clumps, as revealed females benefit most from a high lifetime reproductive by dissections of the spermathecae of five queens) and output, whereas males attempt to gain maximum fitness did not fertilize eggs. Eggs laid by such queens, and from each mating event. During copulation, males can also by virgin queens, were therefore expected to deenhance their own short-term benefits by transferring velop into males as a result of haplodiploid sex determisubstances that increase female egg-laying rates [7, 8] nation. Each queen was housed in an individual nest but have a negative effect on their re-mating probability, box with 20 workers, which corresponds to the average lifespan, and lifetime reproductive output nently in the central nest area containing the brood. Furthermore, no other behavioral differences between queens (e.g., in general activity or brood care) or belaying eggs earlier than virgin queens (Figure 3 ). Theretween workers in the handling of these queens, could fore, mated queens experienced a 2-fold increase of be detected in the different colonies. their lifetime reproductive period: first, through an earlier As predicted, colonies of queens that had mated with onset of reproduction (by about 2 weeks); and second, a fertile male produced both female and male offspring, through a longer lifespan (by approximately 8 weeks, whereas both virgin queens and queens that had mated Figure 3 ). Even though fecundity was equally low in with a sterilized male produced exclusively male offvirgins and queens that had mated with a sterilized male, spring. Egg-laying rates were three times higher in the the longer egg-laying period of the latter resulted in a queens mated with fertile males compared to both 1.5-fold higher reproductive output (estimated total egg groups of male-producing queens (Figure 1) . Indepennumber laid during the lifetime: VQ ϭ 93; SQ ϭ 146). dent of the large differences in egg-laying rates, queens Because the queens that mated with fertile males also that had mated with either a fertile or a sterilized male showed increased fecundity, their lifetime reproductive lived approximately 50% longer than virgin queens (26 versus 18 weeks, Figure 2 ). In addition, they started success (estimated total egg number ϭ 499) was much 
nently in the central nest area containing the brood. Furthermore, no other behavioral differences between queens (e.g., in general activity or brood care) or belaying eggs earlier than virgin queens (Figure 3 ). Theretween workers in the handling of these queens, could fore, mated queens experienced a 2-fold increase of be detected in the different colonies. their lifetime reproductive period: first, through an earlier As predicted, colonies of queens that had mated with onset of reproduction (by about 2 weeks); and second, a fertile male produced both female and male offspring, through a longer lifespan (by approximately 8 weeks, whereas both virgin queens and queens that had mated Figure 3 ). Even though fecundity was equally low in with a sterilized male produced exclusively male offvirgins and queens that had mated with a sterilized male, spring. Egg-laying rates were three times higher in the the longer egg-laying period of the latter resulted in a queens mated with fertile males compared to both 1.5-fold higher reproductive output (estimated total egg groups of male-producing queens (Figure 1 ). Indepennumber laid during the lifetime: VQ ϭ 93; SQ ϭ 146). dent of the large differences in egg-laying rates, queens Because the queens that mated with fertile males also that had mated with either a fertile or a sterilized male showed increased fecundity, their lifetime reproductive lived approximately 50% longer than virgin queens (26 versus 18 weeks, Figure 2 ). In addition, they started success (estimated total egg number ϭ 499) was much higher than that of the two groups of male-producing convincing evidence that the longer lifespan of reproducing individuals among social insects is independent queens.
The low egg-laying rate of virgin queens matches preof the reproductive investment, but can instead be associated with the mating act or substances received vious observations in other ants [22] . Similarly, virgin females of many nonsocial insects are characterized by through mating itself. Whereas our study describes the positive effect of a lower fecundity and delayed oviposition compared to mated females [23] . Virgin females of solitary insects, single mating versus nonmating on both female lifespan and lifetime fecundity, previous work has shown that, as well as self-fertilizing nematodes, typically live longer than mated individuals [14, 24-28]. In contrast to this compared to female crickets mating with unattractive males, females mating with preferred males had either widespread negative effect of mating on longevity, virgin Cardiocondyla queens lived shorter than mated queens, increased reproductive success or increased longevity (while the onset of oviposition was delayed) [41] . In crickeven if males were infertile as a result of irraditation. The egg-laying rate of these latter queens was as low ets and several other species, a protein-rich spermatophore is transferred as a nuptial gift to the females during as that of virgins, which suggests that fertilization of eggs by viable sperm is necessary for a Cardiocondyla copulation. Multiple mating (as opposed to single mating) either increased or did not affect female longevity queen to reach maximum fecundity. The long lifespan of mated queens cannot result from potential preferential in such species [19, 42] . These results even held true when spermatophores were experimentally removed care of workers directed toward highly fecund queens (laying fertilized eggs) because queens mated with steri-[41, 43]. In species without nuptial feeding, in contrast, lifespan generally decreases with increased mating rate lized males lived as long as the queens mated with fertile males but produced the same low number of (unfertil- [13, 19] . Ant males do not transfer nuptial gifts to the females, and multiple mating is rare [5] . Nevertheless, ized) eggs as the short-lived virgins.
The difference between the egg-laying rates of both we predict a similar 
